Biodiesel is one of the bio-energies prepared from vegetable o i l or animal fat through transesterification reaction w i t h methanol. Because of the separation cost a n d associated environmental problems of homogeneous catalyzed biodiesel production, utilization of basic heterogeneous catalysts is steadily increasing in recent years. CaO is among the most solid base catalysts which can be used in transesterification reaction. In this study, activated carbon supported CaO catalyst was used for the transesterification reaction of palm oil. The catalyst was prepared according to the conventional incipient witness impregnation method. Kinetic experiment was performed in a batch reactor in the presence of heterogeneous catalyst for a wide range of operating conditions. The progress of the reaction was monitored using the refractive index method. Response surface methodology coupled with the central composite design was used to screen out t h e operating conditions and optimize the e x p e r i m e n t a l result. A conversion of 34.78% was found at set of optimized conditions (reaction time of 150 min, temperature o f 59.5 0 C, methanol to oil molar ratio o f 19.40:1, and amount of catalyst loaded o f 10.55 (wt.%)). The predicted values of the response surface model were found in a good agreement with the actual experimental values at the aforementioned operating conditions. Moreover, the experimental result demonstrated that a pseudo-first order kinetic model best explains the transesterification reaction. Using graphical method fr om t h e Arrhenius e q u a t i o n , t h e value of activation energy and pre-exponential factor were calculated to be 35.16 kJ mol -1 and 731.43 kJ m o l -1 , respectively.
INTRODUCTION
Global warming is causing serious climatic changes threatening human nature necessitating greater efforts to reduce green house gas emissions. This is a major reason that much interest has been taken in converting biomass resources, which are generated from carbon dioxide and water with the aid of photosynthesis, into the alternative fuel and chemicals. Biodiesel is an alternative diesel fuel derived from vegetable oils by transesterification reaction (Rios et al., 2012) .
Transesterification is the reaction of triglycerides with alkyl alcohol to form alkyl ester and glycerol (by-product) (Kokoo, 2008) . The type of alcohol and the fatty acid profile of the oil affect the properties of biodiesel product (Yan et al., 2007) .
Nowadays, biodiesel is commonly produced by transesterification of triglyceride with mono-*Corresponding author: tsegaygeb@gmail.com alkyl alcohols, such as methanol in the presence of homogeneous base or acid catalysts. The base catalysts are most often used commercially due to higher catalytic activity compared to acid catalysts, hich are also more corrosive. Although the reaction is easily performed, subsequent neutralization, separation, and purification steps are time consuming and non-environmental friendly due to the large amount of water required during the washing step (Tongpoothorn et al., 2011) . Heterogeneous catalysis are becoming primary candidates to overcome problems associated with homogeneous catalytic conversion of biodiesel. After the reaction has been completed, the heterogeneous catalyst can easily be removed from the produced biodiesel and reused for further reactions (Baroutian et al., 2011). It has been reported (Wan and Hameed, 2011 ) that many researches have been conducted in search for heterogeneous catalysts that have high activity, and stability, with reasonable cost for the transesterification reaction. Solid catalysts can be either solid acid to replace strong liquid acids and hence eliminate the corrosion and environmental hazard problems associated with liquid acids or solid base catalysts (Helwani et al., 2009) . However, the efforts at exploiting solid acid catalysts for transesterification are limited due to the pessimistic expectations on the possibility of low reaction rates and adverse side reaction. Basic zeolites, hydrotalcites and alkaline earth oxides are among the reported solid catalysts used for the transesterification reaction (Helwani et al., 2009 (Helwani et al., 2009) . It has been reported elsewhere (Kouzu, 2012) that CaO supported by porous materials could be a potential solid catalyst f rom the economic and catalytic activity point of view (Yan et al., 2007; Tongpoothorn et al., 2011; Buasri et al.., 2012) .
In heterogeneous transesterification, rate of reaction is lower than in a homogeneous system due to the diffusion limitations in three phases.
One of the ways to overcome this mass transfer problem is using structure promoters or catalyst supports which can provide more specific surface area and pores for active species, where they can be anchored and react with large triglyceride molecules (Baroutian et al., 2010) . Different types of supports have been used in heterogeneous transesterification reaction. It has been confirmed elsewhere (Hameed et al., 2009; Baroutian et al., 2010; Wan and Hameed, 2011 ) that activated carbon which has large surface area over which the catalyst can be dispersed can be used as a catalyst support. In addition to the large surface area of activated carbon, its surface characteristics does not change at high temperature and pressure making it suitable for its use a t high temperature or pressure (Baroutian et al., 2010) .
Kinetics study of a transesterification reaction provides parameters that can be used to predict the extent of reaction at any time under particular conditions (Zhang et al., 2010) . Although many studies have been reported regarding the kinetics of transesterification reactions using homogeneous/ heterogeneous base catalysts (Stamenkovic et al., 2008; Zhang et al., 2010; Birla et al., 2012) , to the best of our knowledge, no kinetic studies of supported solid base catalyzed transesterification using the refractive index method have been reported. In this work, the transesterification reaction kinetics was investigated using activated carbon supported CaO catalyst and synthesis of biodiesel was optimized using response surface methodology. After the oil has been pretreated, the transesterification reactions were carried out in 250 ml round bottom and 500 ml 3-necked round bottom flasks equipped with a reflux condenser, a mechanical stirrer, and a stopper to remove samples for further analysis as shown in Figure   1 . The amount of CaO dispersed on activated carbon was determined using Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES, ULTIMA-2).
MATERIALS A N D METHODS

Chemicals and instruments
Catalyst preparation and characterization
CaO supported on activated carbon catalyst was prepared according to the conventional incipientwetness impregnation method at a neutral pH by mixing the activated carbon (AC) with an aqueous solution of Ca(NO 3 ) 2 .4H 2 O (Hameed et al., 2009 ). The catalyst was obtained by loading precursor on the AC support in ratio of 1:7.6 (Wan and Hameed, 2011) . After stirring (500 rmp)
for 4 h, the paste was dried in an oven at 120 0 C overnight. The dried solid was calcined at 450 0 C for 4 h (Tongpoothorn et al., 2011) and kept in an inert atmosphere.
The amount of Ca dispressed on activated carbon supported before and after impregnation w a s determined using Inductively Coupled Plasma
Optical Emission Spectrometer.
Oil preparation
In order to remove the water soluble gums, the oil was degummed w ith hot water at 70-80 0 C for 15 minutes and allowed to stand i n separating funnel (Kokoo, 2008) . Thereafter, the aqueous layer was removed by decantation. gm of sodium chloride was added to help settleout the soap formed (Baroutian et al., 2010) .
The solution was left in a separating funnel for an 1 h; then, the soap was separated from the oil by decantation. The solution was washed using hot water several times to ensure complete removal of suspended soap.
Calibration of the refractive index measurement
A refractive index method was used to measure the conversion of palm oil to biodiesel during the transesterification reaction. To obtain a correlative equation among the refractive indices and the ester content, mixtures of palm oil with methylic biodiesel at different proportions were prepared, and the refractive index of each sample was measured. The biodiesel used as standard in these mixtures was synthesized by repeating alkaline transesterification reaction twice using 0.6% (w/w) sodium hydroxide catalyst with 100% vol. excess amount of alcohol (Santos et al., 2013) . The transesterification reaction was performed in a 500 ml three-neck round bottom flask, equipped with a reflux condenser, a thermometer and magnetic stirrer. The reactor on oil bath was initially charged with 100 g of palm oil and heated to a reaction temperature of 50 0 C. Subsequently, the specified amount of catalyst was dissolved in alcohol and added to the reactor and reaction was started. After the end of the reaction period (1 h), the glycerol phase was separated by using a separating funnel.
To insure complete conversion of the palm oil in to methylester, an amount of alcohol and catalyst as in the previous step was added and the reaction was allowed for 30 minutes. Finally, the resulting biodiesel sample was washed using 0.1 N HCl solution to neutralize the alkali catalysts. Then to insure complete removal of remaining catalysts and glycerol, the sample was washed using distilled water. The product was heated to 105 0 C under vacuum for the subsequent analysis.
In the next step, palm oil and biodiesel mixtures were prepared in different weight proportions; The four independent variables considered in this study were reaction time, methanol to oil molar ratio, reaction temperature and catalyst load. The values and levels of the four independent variables considered in this particular study are presented in Table 1 . Six replications at a center point of the design were used to determine experimental error (Wan and Hameed, 2011) . The response of the transesterification reaction is methyl ester conversion (X). The conversion of methyl ester was monitored by refractometer (Santos et al., 2013) . (Baroutian et al., 2010) . 
Statistical analysis
The significance of the obtained experimental data 
RESULTS A N D DISCUSSION
Catalyst characterization
The amount of CaO dispersed on activated carbon was determined using Inductively Coupled Plasma
Optical Emission Spectrometer. The result showed that the amount of Ca is two orders of magnitude higher in impregnated activated carbon compared to virgin activated carbon. The amount of Ca before and after impregnation was 752.10, and 4319.88 ppm, respectively. This demonstrates that sufficient amount of Ca is disperesed/supported on the activated carbon framework.
Effect of operating condition on catalyst activity
The conversion of biodiesel was determined through mapping the refractive index measurement of the mixtures of palm oil and biodiesel. Figure 2 shows the linear correlation between the biodiesel and oil wt.% ratios and the refractive index measurement. As it can be seen in Figure 2 , the refractive index of the mixture linearly decreases with increasing the amount of biodiesel in the mixture. As biodiesel is more transparent than heavy oil, it absorbs less light. Moreover, the result demonstrated that there is a linear correlation between the fatty acid methyl ester (FAME) oil blends and the refractive index. Such a linear correlation with R 2 = 0.9994 further confirms the reliability of the method (Santos et al., 2013) .
Effect of catalyst load
The results for conversion of palm oil at different catalyst loading are shown in Figure 3 . As it can be seen from the figure, the amount of catalyst loaded has a significant effect on the conversion of palm oil to biodiesel which could be due to the availability of free active sites for the reaction (Arzamendi et al., 2007) . However, it decreases beyond 10 wt.% of the catalyst load. This may be due to, higher amount of solid catalyst increases the viscosity of the reaction mixture, which leads to increase the mass transfer resistance (Helwani et al., 2009) . The amount of optimum catalyst loaded to achieve the maximum conversion was found to be 10 % (w/w). 
Effect of reaction temperature
To study the effect of reaction temperature on the conversion of palm oil, the reaction was carried out for a wide range of temperature (30 to 70 0 C). Figure 4 presents the effect of reaction temperature on methyl ester conversion. As it can be seen from the figure, the methyl ester conversion increases with temperature. This is due to the fact that the intrinsic rate constants are strong functions of temperature. Therefore, high temperature promotes the kinetic energy of the molecules and hence increases the methyl ester conversion (Zhang et al., 2010) . It is also noted that the conversion tends to decrease beyond 70 0 C suggesting that the transesterification reaction takes place mainly in the liquid phase. Above the temperature of 70 0 C, the formation of methanol bubbles due to its boiling point limits the mass transfer on the three phase interface (Baroutian et al., 2010) .
Thus, due to the mass transfer limitation of three phases (catalyst, methanol and oil) interphase the reaction is expected to be slowdown. Moreover, since methanol vaporize above the specified temperature, the reactant methanol exist in gas 
Physico-chemical characteristics of biodiesel
The biodiesel produced under the optimum conditions via transesterification reactions using activated carbon supported CaO catalyst was characterized for its physical and chemical
properties. The result of these physicochemical properties is presented i n Table 5 , which also present the comparisons of the obtained palm FAME with the ASTM limits. As it can be seen from the table, the physicochemical properties of the produced biodiesel a r e a l l within the range of ASTM standard limits (Buasri et al., 2012) . 
Determination of kinetic parameters
The amount of methanol used was sufficiently excess with respect to weight of oil to shift the reaction equilibrium towards the formation of fatty acid methyl ester. Thus, the reverse reaction could be ignored and change in concentration of the catalyst during the course of the reaction can be assumed to be negligible (Zhang et al., 2010) .
Thus, the overall reaction law for the forward reaction can be expressed by equation 2 (Birla et al., 2012) .
Where [TG] is the concentration of triglycerides and [ROH] that of methanol and K is the reaction rate constant. However, due to high methanol to oil molar ratio, the change in methanol concentration can be considered as constant. This means the concentration of methanol does not change during the course of the reaction and it behaves as pseudo first order chemical reaction (Vujicic et al., 2010) .
Then the rate expression can be written as:
Where K' is modified rate constant and Table 6 .
The kinetic d a t a were collected using refractometer, which can provide real time monitoring of the reaction. The reaction temperatures of 30, 40, 50, 60 and 70 0 C were used to study the kinetics of transesterification using 10 wt.% of catalyst load to oil and 19.50:1 methanol to oil molar ratio. As it is shown in figure 6, linear relationship was obtained which supports the hypothesis of pseudo-first order reaction (Vujicic et al., 2010; Zhang, et al., 2010) . (Zhang et al., 2010; Santos et al., 2013) . Therefore, the activation energy obtained from the transesterification reaction using activated carbon supported CaO as a solid base catalyst is within the range reported in literatures (Zhang et al., 2010; Santos et al., 2013) . 
